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The relevance of the research lies in the approach to assessing the engineering-geological conditions within the local tectonic
structures and their role in the formation of the properties of rocks and the state of the massifs composed by them. The
formulation of the question regarding the rocks of the red-colored terrigenous formation as a separate object of engineering and
geological research allows us to take into account the features of the history and mechanism of development of local structures,
as well as their influence on the reaction of rocks in this case. Particular attention is paid to the role of tectonic fracturing as a
consequence of the mechanism of development of local structures and its influence on the activation of hypergenesis processes.
An analysis of the behavior of rocks during the development of local structures and the response of the massif to changes in the
state of rocks and the activation of hypergenesis processes was carried out, which, in turn, determined the engineering-
geological situation at the current moment. Particular attention was paid to the assessment of tectonic fracturing, identification
of weakened zones and criteria confirming the correctness of their identification. The methods used in solving the tasks were
reduced to a comprehensive study of local structures: the study of the history of their development, size, amplitude of uplift of
the foundation, instrumental survey of fracturing in outcrops with subsequent construction of a map of fracturing, sampling,
laboratory studies of the structure and properties of rocks, fixation of exogenous processes within the structure.

The results of the research were the established dependences of the influence of tectonic fracturing on the state of rocks at three
levels: the microlevel (the reaction of the minerals of the constituent rocks at the level of the crystal lattice in the form of defects
that have arisen); mesolevel (changes in the physical and mechanical properties of rocks); macrolevel (activation of exogenous
processes). Thus, criteria have been defined that allow using them to confirm the correctness of the selection of the most
fractured sections of the massif. The correctness of the methodology for identifying zones of increased fracturing within local
structures is confirmed by the criteria that were used to solve this problem. It can be used as a basis for large-scale geotechnical
zoning within local tectonic structures.

AXTyanbHOCTDb HMCCJIE[JOBAaHUI 3aKJIIOYAeTCs B IOAXOJe K OlleHKe MH)XeHEePHO-TeOJIOTMYeCKUX yCJIOBUI B IpejieslaX JIOKaJbHBIX
TEKTOHMYECKUX CTPYKTYP M MX POJM B GOPMHUPOBAHUM CBOKCTB NMOPOJ M COCTOSHUSI MacCHUBOB, MMM CJIOXeHHBIX. ITocTaHOBKA
BOIIpOCa OTHOCHUTEJIBHO NOPOJ| KPaCHOLBETHOI TeppureHHol (opmMaluy Kak OTAeJIbHOro o0beKTa MHXeHEepHO-TeoJ0rn4ecKux
uccneuosal-mﬁ TI03BOJIACT YYUTHIBATH 0COGEHHOCTH UCTOPHHA U MeXaHM3Ma pa3BUTUA JIOKAJIPHBIX CTPYKTYP, a TaKXXe UX BJIAAHNE
Ha peakIuio nopoxd npu atoM. Oco6oe BHIMaHUe yAesIAeTCA POJIM TeKTOHUYECKOH TPeIMHOBATOCTH, KaK CJIeACTBHI0O MEXaHU3Ma
Pa3BUTHA JIOKAJIPHBIX CTPYKTYP U €€ BJIMAHUI0O Ha aKTUBU3aLUI0 IIPOLECCOB IrUNeprexesa.

OCy]J.[eCTBJ'IeH aHaJIM3 NMOBEeNEHHs IOpPOoA B XOA€ pa3BUTUA JIOKAJIbHBIX CTPYKTYp M peaKnUM MacChBa Ha U3MEHEHNE COCTOAHUA
nmopoa ¥ aKTUBHU3aLWI0 IIPOLECCOB ruriepreHesa, 4To, B CBOIO OY€penb, OIpenesiseT MHXEHEPHO-IeOJIOTUYECKYI0 CHUTyalUui0 Ha
TeKyIuil MoMeHT. Oco6oe BHMMaHUe yjesfeTcs OLleHKe TeKTOHHMYECKOH TPeIMHOBATOCTH, BBICJICHUIO OCJAGJIeHHBIX 30H U
KpUTepusaM, IMOATBEPXKAAIIINX KOPPEKTHOCTDh UX BBIACJICHUA.

MeTO}JbI, IpUMeEHsEMBIE IIpU PEIMIeHWU II0CTaBJIEHHBIX 3a/a4, CBOAWJIMCh K KOMIUIEKCHOMY HW3Y4Y€HUIO JIOKAJIbHBIX CTPYKTYp:
M3yYeHHe UCTOPUM MX Pa3BUTHUSA, pa3MepOB, aMIJIUTY/bl OAHATUA yHAAMEHTa, HHCTPYMEHTasIbHasA CheMKa TPelMHOBATOCTH
B OOHaXXeHUAX C IOCJIeAYIONMM IIOCTPOEHHEM KapThl TPelIMHOBATOCTH, OTGOp 06pasloB, JiaGopaTOpHblE MCCJIeNOBAHNUs
CTPOEHHUA U CBOICTB MOPOJ, (pUKcalyisa 5K30TeHHBIX IIPOLeccoB B IpejesiaX CTPYKTYPHL.

Pe3yIbTaTOM MCCJI€IOBAHUI ABMJIMCh YCTAHOBJIEHHbIE 3aBUCHMOCTH BJIMAHUA TEKTOHMYECKOH TPElMHOBATOCTU Ha COCTOAHME
NIOPOJ1 HAa TPeX YPOBHAX: MUKPOYPOBeHb (peaKIiys MUHEpasIoB CJIaralolHx IopoJ Ha yPOBHE KPHCTA/UINYeCKOH peleTky B Bujie
BOBHMKIIMX Jle(eKTOB); Me30ypoBeHb (M3MeHeHUs (GHU3MKO-MeXaHHYeCKHX CBOKCTB IMOPOA); MAaKpOypoBeHb (aKTHBHM3alUs
9K30TeHHBIX NpoleccoB). TakuM o6pa3oM, onpejiesieHbl KpUTePUH, KOTOphle T03BOJIAIOT MCHOJIb30BaTh UX JJIA MOATBEPXKAeHUs
KOPPEKTHOCTH BbileJIeHHs1 HanboJjiee HapyeHHBIX TPEIMHOBATOCThIO y4aCTKOB MaccuBa. KOppeKTHOCTh METOAMKY BhI/IeJIeHNUs
30H MOBHIIIEHHOH TpPeNMHOBATOCTM B IpefesaX JIOKaJbHBIX CTPYKTYP HOJTBEpX[eHa KPUTEPUSAMH, KOTOphle ObuIM
WCIIO/Ib30BAHbl I pelleHus 3Toi 3ajaud. OHa MoxeT OBITh MCIIOJIb30BaHA B KayeCTBe OCHOBBI IIPU KPyHMHOMAcCIITaGHOM
VHXeHepHO-re0JIOrM4eckoM pailoHUPOBaHMH B NpeJieJlaX JIOKAJIbHbIX TeKTOHHMYECKUX CTPYKTYP.
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Introduction

The necessity to address the issue of geotechnical
zoning of territories within local tectonic structures is
caused by a number of reasons. The author’s earlier
research of the features of the conditions for the
formation of geotechnical properties of rocks of the
terrigenous red formation indicate a significant role of
local structures in the course of their development and
influence on the rocks and massifs state. Change in
physical and mechanical properties of rocks are
closely related to the history of local tectonic
structures development by the mechanism of their
formation which led to the creation of prerequisites
for the activation of hypergenesis processes and, as a
result, to the transformation of the quality of rocks
and the state of the masses composed by them.

Local structures of the third order are widely
developed on the territory of the distribution of the
red-colored terrigenous formation of the eastern part
of the Russian platform. The mechanism and
conditions of their formation have been studied by a
number of researchers (L.N. Rozanov, V.V. Belousov,
Yu.A. Kosygin, E.W. Spencer, A.P. Vinogradov,
A.B. Ronov) [1-8] and others. They found that the
peculiarities of the formation of structures on the
platforms are determined by the nature of the
prevailing tectonic movements, their vertical
orientation. Block tectonics of the platform basement
is the main factor in the formation of sedimentary
cover structures. Among the studies devoted to this
problem it should be noted the works of L.N. Rozanov
[2] with a detailed analysis of the mechanism of
structures formation and their varieties. An important
consequence of this is the occurrence of tectonic
fracturing which served as an impetus and catalyst
for the activation of hypergenesis processes. The
impact of fracturing on the condition of rocks and
massifs was generally assessed by many researchers
from a practical point of view [9, 10]. Great
importance is attached to the assessment of rock
fracturing in the design of hydraulic structures
[11-13], as well as its role in explaining the reasons
for a wide range of rock strength characteristics in a
limited area of the massif [14-17]. A significant
amount of work has recently been devoted to solving
local problems, such as assessing the sides of quarries,
when it is determined a connection between fracturing
and violation of the strength characteristics of rocks
affecting the stability of individual blocks of the
massif. It is also assessed water abundance in certain
areas of fields which is associated with increased
fracturing [18-23]. To solve these problems,
mathematical modeling methods are widely used. At
that, both the state of the massif as a whole [24-28],
and the reaction of rock-forming minerals and defects
arising in them under the influence of high stresses in
rock masses [29-39] are assessed.

Methodological Approach to the Territories
Typing within Local Structures

From the point of view of engineering geology it is
the matter of topical interest the problem of identifying
the weakened zones within the entire area of the massif
and the mechanism of propagation of areas with the
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Fig. 1. Schematic map of fracturing distribution within

Opalikhinskaya local structure: 7 — outcrop line; 2 - sampling

points; 3 - suffosion subsidences; 4 - clearing locations;

5 — ravines; 6 — area of outcrop within which landslide

is developed; 7 - isolines of fracturing intensity index;
8- boundary of the structure

increased fracturing in order to establish the least
favorable areas for their development. At one
time, E.N.Permyakov [40] and M.V. Gzovsky
[41-43] tried to define the nature of crack
development within local structures using physical
modeling. The data presented in these works
confirmed the general principles of fracturing
development in massifs. However, they could not
take into account a number of factors in each
individual structure related to the history of its
formation (geometric characteristics, axis
dimensions, amplitude of the foundation block rise,
deformation properties of rocks, etc.). The proposed
methodology involves a first-stage study of the
geological characteristics of a particular structure
and its parameters, followed by consducting an
instrumental survey in the field in order to construct
a fracturing map.

In carrying out field work and constructing
fracturing maps it was the technique applied earlier
by N.V. Kataev [44] and A.L Pecherkin [45] at the
Department of Engineering Geology and Subsoil
Protection of Perm State National Research
University (PSNRU) to solve kastorological problems
and published in [46]. The author applied this
methodology in assessing the fracturing of a number
of local structures on the coast of the Kama
reservoirs (Opalikhinskaya, Romanikha, Izhevsk
source structures). During the fracturing survey rock
samples were taken from outcrops and were studied
in laboratory conditions. A fracturing map was
constructed on the base of the fracturing survey
results (Fig. 1).

The principles proposed for solving this problem
are based on the methods of fracturing maps
generation for local structures, where, according to
the results of a comprehensive study of the massif, the
correctness of the selection of these zones is confirmed
at different levels of the state of rocks:

—micro level — reaction of the crystal lattice to the
development and occurrence of fracturing;

—meso level - change in the physical and
mechanical properties of rocks in fractured areas of the
structure;
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—macro level - activation of exogeneous
processes in zones of increased tectonic fracturing
Thus, the proposed methodology involves two main
stages:

Stage 1 — construction of fracturing map of the local
structure;

Stage 2 - study of the rocks condition in order
to assess the correctness of fracturing zone
identification.

Changes in the rocks condition at the micro level
are essentially the basis for the beginning of
the activation of hypergenesis processes and they
are associated with violations of the structure of
the crystal lattice during the occurrence of stresses
in the rocks and, as a result, deformations with
the subsequent formation of fracturing. At natural
occurrence, rocks, being in thermodynamic
equilibrium with the environment, can record a
change in the geological situation in the crystal
structure of their constituent minerals, variations in
composition and texture. Interpretation of the
information encoded in the lattice of minerals,
the composition and structural and textural features
of rocks allows us to obtain data for the
reconstruction of the nature and mechanism of
processes and the formation of rock properties
[47, 48]. To obtain answers to these questions, the
author used X-ray diffraction analysis.
To characterize the microtext, a texture index (< %)
was used, measured in degrees, as well as an

indicator of the instrumental width of the
scattering intensity peak (B, mm), which
characterizes the crystallite microdeformations.

Based on the fact that stresses determining the
occurrence of deformations and fracturing should
also affect the microtexture of rock-forming
minerals, a comparative analysis of the results of X-
ray diffraction analysis of samples from zones of
different degrees of fracturing within the local
structure was carried out. The reaction of rocks at
the level of the crystal lattice and the degree of
change in their state depending on the fracturing
(LT) are shown in Fig. 2.

Violation of the integrity of the rocks of the massif
also affects the main rock-forming minerals.

First of all, their ratio changes: the content of the
least resistant to hypergenesis decreases in the rock.
Calcite, being one of the cement minerals, reacts most
sensitively, and its amount decreases significantly in
zones of increased fracturing (Fig. 3). Quartz is the
most stable mineral.

The described changes in the structure and
composition of rocks in zones of increased fracturing
caused a deterioration in their density and strength
characteristics. This is confirmed by the results of
laboratory tests and is shown in Figures 4 and 5.

Thus, the change in the physical and mechanical
properties of rocks in zones of increased tectonic
fracturing is another criterion (at the meso level) to
confirm the correctness of the identification of
weakened zones within local structures.

The criterion for the influence of tectonic fracturing
on the state of the massif at the mesolevel is the
activation of exogeneous processes in weakened zones
within local structures.
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Fig. 2. Relationship between the degree of quartz crystal
lattice disturbance of quartz (B, mm) and fracturing (LT) (a)
and the relationship between the degree of quartz crystal
lattice disturbance (a %, °) and fracturing (LT) (b)

30

=

s "8
g 20 E
=1 ~
8 =
= .
3 10 ¢ =
o "
= ~
]

0 L 1 0
4 5 6 7 8

Sample number
—C— | —g—_

Fig. 3. Effect of tectonic fracturing on calcite
content in argillite cement: 7 — calcite content (%);
2- fracture index (Z;)
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Fig. 4. Influence of tectonica fracturing
of the Opalikhinskaya local structure on the density
of mudstones: 7 - rock density; 2- fracture index (Z;)

The author carried out a comparative analysis of the
activity of a number of exogeneous processes in the
areas of varying degrees of fracturing. So, within the
Opalikhinskaya local structure areas of gulley erosion
have been mapped (Fig. 6).

The location of the gulleys is observed in the areas
with the increased fracturing rates (Z; > 15 000 m/10ha).
In addition, fracturing controls the length and direction
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Fig. 6. Spatial correlation diagram of the zone of maximum
rock fracturing and areas of development of gully erosion
and landslide processes within Opalikhinsky local structure
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Fig. 7. Effect of local structure fracturing on the height
of the abrasion bench of the gulleys thalwegs

of gully erosion. In particular, the growth of gulleys
towards the watershed is limited by the zone of
maximum fracturing in the axial part of the
structure. The central part of the massif (the most
fragmented) is also marked by a transition of gullies
into the row of suffosion funnels extended along the
central axis of the structure.

Another indicator of gully erosion may be the
height of the abrasion bench of the gulleys
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Fig. 8. Change in fracturing modulus
of mudstone-like clays with depth
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Fig. 9. Mineral content in clearings according
to thermal analysis data

thalwegs. The most fragmented areas of the massif
are characterized by the minimum height of thalweg
(Fig. 7).

Weathering, which is a combination of a number of
physical and chemical processes, reacts to the presence
of tectonic fracturing especially sensitively, since the
disturbed state of the massif rocks creates favorable
conditions for the activation of hypergenesis. Since the
beginning of the formation of local structures in
conditions of high stresses and deformations, there has
been a significant restructuring of the of minerals
geology aspects, their composition and quantitative
ratio. To assess the impact of fracturing on weathering
processes clearings were laid in areas with different
degrees of fracturing in which the fracturing modulus
(Mt) was measured at different depths. Clearing No. 1 -
area with reduced fracturing modulus. Clearing area
No. 2 in the zone of increased fracturing.

Fig. 8 shows the change in the fracturing modulus
of mudstone-like clays in clearings No 1, 2. Fig. 9
shows the mineralogical composition according the
thermal analysis data.

Abrasion, the activity of which has been studied on
the banks of the Kama reservoirs for more than
30 years by the laboratory of ENI PSNRU, also
naturally reacts to the influence of tectonic fracturing.
In this case, the rate of processing of banks composed
of terrigenous rocks (sandstones and mudstones)
located within and outside local structures along
reference points was compared. Results of observations
are given in Table.

As expected, the rate of bank reformation within
local structures due to the presence of fracturing in
them exceeds the rate of shore retreat in areas located
beyond their boundaries.
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Comparison of the intensity of banks reformation within local structures and outside them

Average annual values of banks reformation, m/10 years

Water Storage Reservoir Reservoir Sector

1960-1970 years 1970-1980 years 1980-1990 years

Within the limits of local structures

Tolstik 0,5-1,0 0,2-1,2 0,7-1,3
Novoilyinsk 0,3-0,9 0,6-0,8 0,4-0,9
Votkinsk
Tabory 0,5-1,2 0,6-0,9 0,9-1,2
Monastyrka 1,5-2,4 1,0-1,8 2,0-3,3
Kononovka 0,7-1,4 1,2-1,5 0,8-1,2
Kama Bystraya 0,9-1,5 0,7-1,3 1,3-1,5
Ust-Garevaya 1,2-1,7 0,9-1,5 1,4-1,0
Average 1,9 1,0 1,3
Outside local structures
Dvorcovaya Sludka 0,1-0,3 0,2-0,4 0,0-0,2
Votkinsk Trikhinyata 0,3-0,5 0,3-0,7 0,3-0,5
Kostovatik 0,7-0,12 0,5-0,7 0,3-0,9
Taman 0,0-0,2 0,1-0,4 0,1-0,3
Kondas 0,2-0,4 0,1-0,3 0,2-0,3
Kama
Gorodische 0,0-03 0,4-0,8 0,3-1,0
Ust-Kosva 0,2-0,3 0,3-0,5 0,0-0,3
Average 0,3 0,4 0,4
Conclusion different levels:microlevele - state of the crystal

lattice; meso level - physical and mechanical

The technique for identifying zones of increased
fracturing within local tectonic structures can be used
in engineering and geological assessment of the
territory of massifs in order to predict the most
unfavorable areas for engineering development and
those requiring special attention in the process of
performing design work and special design solutions.

The correctness of indentifying zones of increased
fracturing is confirmed by a set of criteria at

propeties of rocks; macro level - activation of
exogeneous processes.

The close correlation of these criteria with the
intensity of tectonic fracturing (LT) allows using this
indicator as a base for determining zones of varying
degrees of disturbance in the massif.

Identification of taxa by indicator (LT) within local
structires can be used to solve problems in large-scale
engineering-geological zoning.
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